A test-pedestal approach, with a test grating superimposed on a masking pedestal, was used to compare sinusoidal grating vernier acuity and contrast discrimination thresholds. The goal is to develop a simple, model for vernier acuity without assumptions about underlying mechanisms. In the contrast di~rimination task, subjects were asked to detect contrast ineremen~ in the presence of a base pedestal. In the vernier task, a test grating shifted by 90 deg relative to the pedestal grating was added to one-half of the pedestal grating to produce a vernier offset. When expressed in the same contrast units and compared under optima1 conditions, vernier and contrast discrimination thresholds agree well at spatial frequencies between 2 and 20 c/deg and at pedestal contrasts above 10 times detection threshold. Thus, under these conditions, contrast discrimination predicts grating vernier acuity. To account for the di~~pa~i~ between vernier ~r~~lds and contrast just noticeable difference (JND) when conditions deviate from optimal, one needs to make assumptions about the underlying mechanisms.
INTRODUCTION
There have been many attempts to model hyperacuity in recent years (Klein & Levi, 1985; Carlson & Klopfenstein, 1985; Wilson, 1986; Morgan & Aiba, 1985; Bowne, 1990 ). These models make accurate predictions but require assumptions about the nature of the underlying mechanisms including their peak sensitivities, shapes and bandwidths. Our goal is to predict vernier acuity for sinusoidal gratings without those assumptions about underlying mechanisms by simply comparing vernier thresholds to contrast discrimination thresholds (JNDjust noticeable difference) in a test-pedestal paradigm.
The test-pedestal approach used in the study involves superimposing a test grating on one half of a masking pedestal grating. When the test grating is added in-phase with the pedestal grating, it is a contrast discrimination task, when the test grating is added 90 deg out of phase with the pedestal grating, an offset is created and it is a vernier task.
Our hypothesis is that when expressed in common units (percent test contrast) the vernier and JND tasks will have similar thresholds, i.e. thresholds are phase independent. This hypothesis has a problem that can be seen by considering the case where there is a large gap between the two gratings. Contrast discrimination need not be strongly affected by the gap since contrast judgments can be done even without a reference grating. The vernier task will be strongly degraded by the presence of a large gap. Thus, our hypotheses must be embellished with the caveat that the vernier and JND tasks are to be compared when using an optimal spatial configuration. Thus if vernier thresholds are worse than JND thresholds, we must explore whether other gap sizes or grating widths can reduce the vernier thresholds. Similarly, if JND thresholds are higher than vernier thresholds, we must explore whether the JND configuration was optimal. In all cases we want to compare the best thresholds for the given task.
There is a connection between the test-pedestal approach and the "stimulus known exactly" ideal observer approach. The stimulus known exactly ideal observer acts like our test-pedestal hypothesis whereby the discrimination is based on detection of the difference between the two patterns to be discriminated. The difference between the two models is that in the ideal observer's case the sensitivity is based on photon statistics and in our case it is directly measured in a detection experiment. For edge vernier acuity that involves detecting a thin line placed at the edge, and the ideal observer's ~rformance should equal the line detection threshold. In both cases the ideal observer uses a template based on the difference between the two patterns to be discriminated (Klein, 1993) . Previous attempts to develop an ideal observer framework for vernier acuity by Andrews, Butcher and Buckley (1973) and by Geisler and Davila (1985) were unable to predict the absolute ma~itude of the threshold. The Andrews et ai. approach was only designed to account for relative changes in threshold as a function of stimulus parameters. It had no means of setting absolute thresholds. Geisler's ideal observer makes optimal use of each absorbed photon, so it is not
